Necrotising keratitis or corneal melting occurs most commonly in association with a systemic vasculitis, especially RA. Both the central or paracentral and the peripheral forms of corneal melting are characterised by ulceration and rapidly progressive loss of the corneal stroma. The pathogenesis of corneal melting is poorly understood but a variety of factors are common to both anatomical forms, including keratoconjunctivitis sicca, lid margin disease, inflammatory cell infiltrate, a local vasculitis and an underlying systemic disease association.9,lO Corneal melting affects a minority of patients with RA. It typically occurs in seropositive patients with other extra-articular manifestations and end-stage joint disease, but often many years after the original diagnosis. The onset of corneal melting is an ominous sign, with the eye acting as a marker for the other manifestations of systemic vasculitis and for reduced life expectancy. lO To date, it has not been possible to predict which patients are at risk of corneal melting. Both ocular surface disease and RA are common, but only a minority of patients with both problems develop corneal melting. Given the association of the shared epitope with RA and, in particular, with the extra-articular manifestations of RA, our objective was to determine the presence of the shared epitope alleles in patients with rheumatoid corneal melt. By comparing the shared epitope frequency with that in other RA patients, we planned to establish whether shared epitope determination might help to identify RA patients who are most at risk of corneal melting and whether patients with corneal melting represent a distinct subgroup of patients with extra articular disease. In addition, using the clinical features of the ocular disease, we planned to investigate whether the shared epitope alleles may determine the ocular disease phenotype.
Patients and methods
After ethics committee approval had been obtained, patients in the Yorkshire Region with a diagnosis of rheumatoid-associated sterile corneal melting were invited to take part in the study. Clinical data, including the anatomical site of the melt, the number of eyes affected and the presence of a prior contact lens cornea (peripheral corneal thinning with an intact epithelium) was determined from case note review, patient interview and slit-lamp examination.
DNA was extracted from peripheral blood lymphocytes as previously describedY At a concentration of 0.1 fLg/fLI, the DNA was subjected to polymerase chain reaction (PCR) amplification in a GeneAmp PCR 9600 (Perkin Elmer) or PTC-100 machine. The products were analysed by electrophoresis on agarose gels and visualised by ethidium bromide staining. A molecular weight marker ranging from 100 bp to 600 bp was used to determine the fragment sizes. HLA class 1 and class 2 typing of the corneal melt patients was performed at the molecular level using the phototyping technique, a PCR sequence-specific priming method which allows the simultaneous determination of HLA-A, -B, -C, -DR and -DQ specificities in a patient sample.12 HLA-DR4 subtyping was performed by the method of PCR sequence-based typing on an AmershamPharmacia ALF Express II system using the HLA-DRB plus reagents (Amersham-Pharmacia) according to the manufacturer's instructions.
At present, the shared epitope sequence has been found in the follOwing alleles: DRB*0101, *0102, *0401, *0404, *0405, *0408, *0409, *0410, *0413, *0416, *0419, *0421, *1001 and *1402. The alleles DRB*0101 and *0102 were not distinguished by the phototyping method and are referred to collectively as *0101/2. The shared epitope genotype and the allele frequency of all shared epitope alleles and of the *0401 and *0404 alleles (number of times the test allele occurs in the population divided by the total number of alleles) was determined for the patients with rheumatoid corneal melting. To investigate an association with susceptibility to corneal melting, a comparison was made with three groups of unrelated and ethnically matched United Kingdom subjects without corneal melt, namely healthy blood donor controls, RA patients without extra-articular disease features and RA patients with extra-articular featuresY (The following were included as extra-articular disease features: subcutaneous nodules, vasculitis, pulmonary fibrosis and peripheral neuropathy.) For statistical analysis, the frequency and possession of a double dose of either the shared epitope alleles or the higher-risk *0401 and *0404 alleles was compared for the control and patient groups. To assess the role of the shared epitope alleles in determining the ocular phenotype, a comparison was also made between the shared epitope genotype of corneal melt patients and ocular disease characteristics, namely the presence of central or peripheral disease, contact lens cornea prior to the acute melt and unilateral or bilateral disease.
Statistical analysis was performed using the SPSS 9.0 Windows package, using 2X2 contingency tables and the Pearson chi-square test for comparison.
Results
Seventeen rheumatoid factor positive, Caucasian RA patients were recruited into the study, of whom 10 were female. Fourteen patients had peripheral corneal melting, of whom 5 had bilateral disease. One of the two patients with central or paracentral melting had evidence of bilateral disease. Another patient initially presented with a paracentral melt and then developed a peripheral melt in the same eye.
In the patients with corneal melt, the frequency of most of the HLA class 1 and 2 genes was similar to that in the United Kingdom population and so no new HLA class 1 and 2 disease associations were found (data not shown). For the shared epitope alleles, 13 patients (76%) possessed at least one allele. The dominant alleles were variants of the DR4 family" with the *0401 allele occurring in 7 patients and the *0404 and *0408 alleles each occurring in 2 patients respectively. Five patients (29%) possessed two shared epitope alleles and 3 of these had a higher-risk *0401 and/or *0404 combination. The 
combined allele frequency of the higher-risk alleles *0401 and *0404 was 35%. The shared epitope genotype of the corneal melt patients is given in Table 1 .
In each of the RA patient groups, both the overall frequency and a double dose of shared epitope alleles was greater than in the healthy, blood donor control group (p < 0.002), but there was no significant difference between the three patient groups (Table 2) . Although the overall frequency of the higher-risk alleles was similar in the three RA patient groups, there was a non-significant trend for a double dose of higher-risk alleles to be more common in the patients with either corneal melt or extra articular manifestations (p> 0.2). The frequency of the higher-risk alleles is shown in Table 3 .
We were unable to demonstrate an association between possession of one or two shared epitope alleles, particularly the higher-risk alleles, and any of the ocular disease characteristics chosen as potential markers of ocular disease phenotype or severity (Table 1) .
Discussion
Class 2 genes are normally expressed only on cells with immune function, such as B cells, monocytes, macrophages, dendritic cells and activated T cells.14 The class 2 region contains three main loci, namely HLA-DR, -DQ and -DP. Every class 2 antigen is a heterodimer, containing an a and !3 glycoprotein chain. The HLA class 2 gene, DRB1, encodes the DR!3 glycoprotein and is highly polymorphic. The shared epitope is contained in certain alleles of the DRB1 gene. Molecular typing resolves allelic variation at the DNA level and allows for further differentiation of the DRB1 subtypes, identifying each of the alleles which contains the shared epitope sequence. As HLA genes are co-dominant, each individual can express two allelles at each class 2 locus. In this study, the frequency of shared epitope alleles in a small group of patients with rheumatoid-associated corneal melting or necrotising keratitis was determined. The shared epitope frequency, and particularly the presence of a double dose, was greater in the corneal melt patients than in the healthy control group ( Table 2) . In double dosage, the higher-risk alleles, *0401 and *0404, were more common in the patients with corneal melt or with extra-articular manifestations than in those with uncomplicated RA, although this failed to reach statistical significance (Table 3) . No association between the shared epitope genotype, particularly possession of the higher-risk alleles, and the ocular disease phenotype was present.
Several studies have shown that the shared epitope alleles increase the susceptibility to RA, and that individuals with a double dose of alleles are at greater risk than those with a single copy?A7,S Other studies have shown that the shared epitope alleles influence the prognosis for RA patients?,s.6 It is not clear why the shared epitope alleles affect disease susceptibility and severity. Part of their influence may be explained by the location of the shared epitope sequence in the peptide binding site of the HLA-DR molecule.v Here they may modify the binding of arthritogenic peptides, T cell receptors or both. Rheumatoid factor production is closely related to the presence of certain shared epitope alleles, especially *0401.4 Alternatively, sequence homology also exists between *0401 and proteins of Epstein-Barr virus and E. coli, suggesting a basis for molecular mimicry and autoimmunity.6 Linkage disequilibrium of HLA-DQ alleles and other non-HLA genes with DR4 alleles may also explain the association with RA.4,6
The current model of RA suggests that it occurs in genetically suspectible individuals exposed to unknown environmental triggers. Some patients produce rheumatoid factor, an IgM antibody directed against their own IgG.15 Production of rheumatoid factor leads to immune complex formation and deposition in vessels, which results in complement activation and a microvasculitis. Several features of the cornea may predispose it to involvement in vasculitic disease. 16 The peripheral cornea derives its nutrients from a vascular network which extends approximately 0.5 mm into the clear cornea. This vascular supply and the tight arrangement of collagen fibres serves to facilitate immune complex deposition. 16 Additionally an inflammatory response could be initiated or perpetuated through the presentation of antigen and an HLA molecule to specific T cells by antigen presenting cells, such as Langerhans and dendritic cells. These cells, which express HLA class 2 antigens, are present at low levels in the peripheral corneal epithelium and stroma but their density and class 2 antigen expression are increased in inflammatory corneal disease.14,16 Corneal melting is rare and usually affects only a minority of patients with rheumatoid vasculitis.17,18 The process is typically a late feature, occurring almost exclusively in rheumatoid factor positive patients with widespread extra-articular disease. Without systemic immunosuppression, the disease often progresses to corneal perforation and is associated with a reduced life expectancy. Limbal vasculitis with immune complex deposition, inflammatory cell infiltrate and collagenase production mirror the changes in the rheumatoid synovium.19 Given these features, we hypothesised that patients with corneal melting may represent a separate subgroup of RA patients, characterised by an increased frequency of a double dose of the shared epitope alleles. However, the overall frequency and a double dose of the shared epitope alleles was similar in the corneal melt and both the RA control groups and, in this study, the shared epitope frequency was therefore not related to the presence of extra-articular disease (Table 2) . Although the combined allele frequency of 35%
for the high-risk alleles *0401 and *0404 in the corneal melt patients was similar to that in the two RA control groups and in other published series, a trend existed for a double dose of higher-risk alleles to be more common in the patients with either corneal melt or other extra articular manifestations.6,7 These findings do not support our original hypothesis and suggest instead that corneal melting is another manifestation of extra-articular RA. In tum, this would suggest that of the three potential triggers of corneal melting in RA, namely systemic immune-mediated inflammation, epithelial instability due to keratoconjunctivitis sicca and local ocular infection, the most likely is systemic immune-mediated inflammation.9 Shared epitope determination of RA patients may help to identify specifically the minority at risk of corneal melting. The shared epitone genes appear to influence the phenotype of rheumatoid disease, affecting not only the propensity to extra-articular disease but also the severity of the joint disease. The high-risk alleles, *0401 and *0404, are associated with early radiological erosions and possession of these alleles is used as a justification for early, aggressive immunosuppression?,6,20 In corneal melting there is an excess of the matrix metalloproteinases, MMP-1, MMP-2 and MMP-9, relative to local tissue inhibitors and this might be the result of enhanced antigen or receptor binding by the shared epitope sequence?1,22 By comparing the shared epitope genotype of the patients with their ocular disease characteristics, we tried to establish an association. As the study was retrospective, the anatomical site of the corneal melting, presence of a contact lens cornea and the number of eyes involved were used for comparison. We were unable to show an association with these ocular features. It is interesting that 9 of the 23 eyes had a contact lens cornea prior to their rapidly progressive melt. The contact lens cornea is another ocular manifestation of RA but has not previously been associated with corneal melting. This figure is higher than we had expected and this feature may represent a chronic or self-limiting form of the melting process.
In this study we were unable to demonstrate a strong association between shared epitope genotype and either susceptibility to or the phenotype of corneal melting in RA patients. As corneal melting in the context of systemic vasculitis is extremely rare, the number of patients in this study is small and we cannot exclude the possibility that an association would be found in a larger study. 17 The results, however, support the view that corneal melting is simply another, albeit rare, extra-articular manifestation of RA. Shared epitope determination of RA patients may help to predict disease characteristics. Although it does not help to identify specifically those patients at risk of corneal melting, RA patients with ocular surface disease and a double dose of high-risk alleles are likely to be at greatest risk of corneal melting.
